Summary. We report two experiments studying the effect of stress on the course of labor and on the time of parturition in the parturient rat. In the first experiment, different stresses were applied after expulsion of the first fetus. A simple manipulation of the female or a change of territory did not modify the whole expulsion phase but increased variability in the birth of the second fetus. By comparison, a strong stress lengthened the duration of expulsion and influenced the time intervals between the first births. A comparison of these results with those obtained after adrenalectomy indicated that the inhibitory effect of a strong stress was probably due to maternal adrenal epinephrin secretion. In the second experiment, a stress was applied before labor in normal rats submitted to two light regimes. In these conditions, the treatment essentially stimulated the last parturitions, which occurred earlier than in control animals.
results with those obtained after adrenalectomy indicated that the inhibitory effect of a strong stress was probably due to maternal adrenal epinephrin secretion. In the second experiment, a stress was applied before labor in normal rats submitted to two light regimes. In these conditions, the treatment essentially stimulated the last parturitions, which occurred earlier than in control animals.
The course of labor and the time of fetal expulsion are known to be influenced by an environmental change or by any event felt as stress. The bitch, for example, often has a labor affected by a disturbance of its usual life conditions (Bleicher, 1962 ; Freak, 1962) . In domestic animals such as the pig (Signoret, 1969) or mare (Rossdale and Short, 1967) , supervision is commonly known to influence the hourly distribution of parturitions during the day. Recently, Naaktgeboren and Bontekoe (1976) have reported cases of delayed births due to a stress at the onset of expulsion phase of labor in one rat, and in ferrets and sows. They have also demonstrated that a stress during labor results in temporary inhibition of uterine motility in sheep and rabbits. Most of these observations suggest that stress has an inhibitory effect at the time of birth. However, in mice it has been shown that stress causes the speed of the expulsion phase to vary more and the time of appearance of the first fetus to be stimulated (Newton et a/., 1966 ; Newton et al., 1968) .
In order to define the effects of stress during the parturient period and to study the possible interaction of general environmental conditions, we carried out two experiments using rats. In the first experiment, different stresses were applied during the late phase of labor in normal and adrenalectomized animals. In the second one, two groups of animals were submitted to two different light regimes and stressed before the onset of labor. A) Experiment I. Prolificacy did not differ between the lots of normal rats in the first group ; mean litter size was 11.2 ! 1.9. This was slightly higher than that of adrenalectomized animals which was 10.3 ! 1.8 (0.05 < P < 0,01). But there was no difference between the lots of second group adrenalectomized females (P > 0.05) (table 1).
The total length of the expulsion phase of the young born is given in table 1. In the first group of normal rats, it differed (P < 0.01) according to the lots (lots N, Sm, Smc, Sm4c, S). Control rats or those given a small stress (lots N, Sm, Smc, Sm4c) had an expulsion time lasting about 2 hrs (P > 0.05). This differed from the animals which had the strongest stress (lot S) since their mean expulsion time was about 3 hrs (P < 0.05).
As variability of the expulsion phases was very wide (standard error : 7.8 to 16.4 min.), the distributions of the expulsion intervals of two successive births have been compared among the different lots. Figures 1 and 2 show these distributions for normal rats submitted to a stress after the birth of the first pup. These distributions were analyzed by the Chi-square test after grouping the time classes (Snedecor and Cochran, 1957) . Thus, all lots of stressed animals differed from the normal rats (P < 0.01) as to the interval observed between the first and second births. For the following birth intervals, only that between the third and fourth births in rats suffering the strongest stress (lot S) differed from the others (lots N,! Sm, Smc) (P < 0.05). Figure 3 presents the time interval distribution of normal rats (lot N) and of animals stressed after the fourth birth (lot Sm4c). The analysis shows no difference between these 2 lots (P > 0.05). As a consequence of stress, the stillbirth rate in the first group of normal rats differed with the lot (table 1 ; 0.05 > P > 0.01). Perinatal mortality depended on the type of stress. It only increased by 1 p. 100 in lots Sm, Smc and Sm4c (P > 0.05) ; when stronger stress was applied, it was higher and affected 6 p. 100 of the newborn (lot S) (0.05 > P > 0.01). Figure 4 , which includes the 5 groups of normal rats, shows that this perinatal mortality is related to duration of the labor expulsion phase.
After adrenalectomy, with or without a stress after expulsion of the first fetus (lots A-and A-+ S), the total lenght of the expulsion phase did not differ from that of the normal rats (lot N) (P > 0.05). But figure 5 shows that the mean increase of expulsion time at each additional birth was slightly higher in the adrenalectomized rats than in the normal ones. This was partially due to the greater variability of the first two intervals between the first three births ( fig. 5 ) in lots A-and A-+ S. As the number of animals was too small in these lots, interval distributions have not been compared to the control. On the other hand, figure 5 shows the close evolution of the mean increase of expulsion time at each additional birth in normal rats submitted to a strong stress (lot 5) Buckle and Nathanielsz, 1975 ; Strauss, 1975) which is controlled by estrogen secretion (Yoshinaga et al., 1969 ; ; Waynforth et a/., 1972 ; Labhsetwar and Watson, 1974 ; De Lauzon et al., 1974) , estrogen being necessary for the normal progress of parturition in rat (Jost, 1959 ; Acker, 1969 ; Csapo and Wiest, 1969 ; Catala and Deis, 1973) . Furthermore, labor is sustained by secretion of PGF 2a (Dukes et al., 1974 ; Labhsetwar and Watson, 1974 ; Shaikh et al., 1977) . Thus, it may be postulated that our experiments were done under uterine estrogenic impregnation at a time when PGF 2a secretion was active and progesterone level was falling.
The effects observed in our results can also be related to the level of epinephrin secretion, which depends on the stress, and to the initial uterine content of this catecholamine. In a recent study, Maltier and Cavaille (1975) (Maltier and Cavai lIé, 1978 (Boer et al., 1975) , a change of pulsatile oxytocin release has also been invoked as a possibility.
It is interesting to note that maternal behavior was affected by a strong stress (lot S : the stressed mothers often paid no attention to the first delivered pup until the birth of others) ; this behavior may be related to neurohormone secretion and to the course of labor.
In this experiment, the prolificacy of adrenalectomized animals was slightly lower than the controls. This agrees with the study of Thoman et al. (1970) . On the other hand, stillbirth rate was higher after adrenalectomy and, in our conditions, seemed unrelated to the treatment. By comparison, in the normal rats there was a relationship between prolongation of labor and incresae of perinatal mortality (fig. 4 ). This agrees with the observations of Newton et al. (1968) However, it can also be assumed that stress-induced secretion of catecholamines and corticosteroids is followed later by a more rapid depletion of uterine epinephrin content, as suggested by the results of Cavaille (1975, 1978) . Furthermore, it seems that general conditions interfere with stress efficacity. In our conditions, this positive influence appears more significant under the short-day regime (figs 6, 7) ; more parturitions usually occurred during day 22 of pregnancy than under control conditions. This effect of the light regime on the time of parturition is highly important. It has often been underlined in this species (Naaktgeboren and Slijper, 1970 ; Mitchell and Yochim, 1970 ; Boer et al., 1975 ; Lincoln and Porter, 1976) . However, relative parturition distributions during the last days of gestation are not always in agreement and they differ from our observations (Mitchell and Yochim, 1970 ; Lincoln and Porter, 1976) . These differences will be discussed elsewhere (Bosc and Nicolle, in press).
The whole of the data suggest that the endocrine events leading to parturition in the rat are somehow regulated by general environmental conditions and that there may be a synergism or some coordination with the changes induced by a stress. 
